Lower limb muscles recover faster than upper limb muscles following administration of nondepolarizing neuromuscular relaxants until the train-of-four ratio (TOFR) reached 0.7. However, no study has been conducted to evaluate the recovery time of the flexor hallucis brevis muscle (FHBM), up to a TOFR of 0.9, which indicates satisfactory recovery of neuromuscular blockade. The aim of this study was to determine electromyographically the relationship between the TOFRs of the FHBM and the first dorsal interosseous muscle (FDIM), following 0.1 mg/kg of vecuronium. Eighteen patients were enrolled in this study. Electromyography of the FDIM and the FHBM was monitored. Onset times and recovery times to TOFRs of 0.7 and 0.9 of both muscles after administration of vecuronium were measured. The onset time in the FDIM was not different from that in the FHBM (P = 0.10). Recovery time to TOFR 0.7 was significantly faster in the FHBM than in the FDIM (P < 0.013). There was no significant difference in the meantime to reach TOFR 0.9 between the FDIM and the FHBM (P = 0.11). There is no clinical importance in the difference of neuromuscular recovery between the FHBM and the FDIM after TOFR reached 0.9 following administration of vecuronium.
Introduction
Neuromuscular blockade is usually monitored in the upper limb muscles, such as the adductor pollicis and the first dorsal interosseous muscles (FDIMs), because these muscles can be easily monitored intraoperatively. In case of difficult accessibility to the upper limbs due to patient position and surgical visibility, the flexor hallucis brevis muscle (FHBM) has been described as an alternative site for intraoperative neuromuscular function monitoring.
Recent studies recommended that the threshold to indicate neuromuscular recovery based on the train-of-four ratio (TOFR) be increased to 0.9 and above, to prevent postoperative respiratory complications [1, 2] . However, no study has been conducted to investigate the recovery of neuromuscular blockade from non-depolarizing agents in both upper and lower limbs up to the TOFR of 0.9 by using electromyography (EMG). The aim of this study was to investigate the onset and recovery time of the FHBM to TOFR 0.9 following vecuronium administration, and compared with that recorded in the FDIM. Neuromuscular blockade was assessed with EMG in both muscles.
Methods
Ethical approval for this study (Ethical Committee no. 5-19) was provided by the ethical committee at Fukuoka University, Fukuoka, Japan (Chairperson Prof. T Kawarabayashi) on 26 October 2005. Each patient gave written informed consent prior to study entry. Eighteen (n = 18) patients aged between 20 and 70 years with American Society of Anesthesiologists physical status I or II and scheduled for elective ear or eye surgery were included in this study. Patients with apparent neuromuscular disease, renal or liver dysfunction, on medications that could interact with neuromuscular transmission, or with a body mass index over 30 kg/m 2 were excluded. All patients were premedicated with diazepam 5-10 mg. After arriving in the operating room, routine monitoring including electrocardiogram, noninvasive blood pressure, and pulse oximetry was commenced. We prepared two anesthesia machines for two EMG monitors (M-NMT, Datex AS/3, Datex-Ohmeda, Finland). The FDIM and the FHBM was each attached to an EMG monitor. Stimulating electrodes were applied to the ulnar nerve proximal to the wrist joint for FDIM, and to the tibial nerve in the inferolateral aspect of the medial malleolus for FHBM ( Figure 1 ). Sensing cutaneous electrodes were applied to the belly and the enthesis of each muscle. The electrodes were applied by two authors (Y. Sugi and K. Nitahara).
Anesthesia was induced with propofol 1.0-2.0 mg/kg. The EMGs were calibrated after the patient lost consciousness. TOF stimuli with an interval of 20 s were delivered to the ulnar and posterior tibial nerves. The indirectly evoked integrated compound action potentials of the FDIM and the FHBM were measured and recorded as control TOFR and T1/T0 values after 5 min of response stabilization. A bolus of vecuronium 0.1 mg/kg was given intravenously, followed by rapid injection of 5 ml of saline. Neuromuscular blockade onset time was defined as time from vecuronium injection to achieving 95% of T1 block.
Anesthesia was maintained with propofol at 4-10 mg/ kg/h, remifentanil at 0.05-0.3 mg/kg/min, and intermittent fentanyl 50 mg when required. Ventilation was adjusted to maintain ETco 2 at 30-40 mmHg. The temperature of the skin over both muscles was maintained at 32-37
• C with a heating blanket. Additional vecuronium was not given during surgery. The recovery times of TOFR to 0.7 and 0.9 were then recorded. All data were collected by two authors (Y. Sugi and K. Nitahara). We evaluated spontaneous recovery of neuromuscular blockade in both muscles, until TOFR reached 0.9.
Data are expressed as mean ± SD and analyzed using the Student's paired t-tests. A P value less than 0.05 was considered statistically significant.
Results
Twelve men and six women participated in this study. The age was 39 ± 16 years, with body height 165 ± 6 cm and weight 60 ± 12 kg. Values are mean ± SD. First dorsal interosseous muscle (FDIM), flexor hallucis brevis muscle (FHBM), and train-of-four ratio (TOFR). The time from Vecuronium 0.1 mg/kg Injection to Recovery of TOFR 0.7 (time to TOFR 0.7), the time from vecuronium 0.1 mg/kg injection to recovery of TOFR 0.9 (time to TOFR 0.9). ( * P < 0.013 versus FDIM). Table 1 shows the onset and recovery times of neuromuscular blockade following administration of vecuronium at 0.1 mg/kg. The onset time in the FDIM was shorter than that in the FHBM by a mean of 17 s. However, the difference was not statistically significant (P = 0.10). The mean recovery time to TOFR 0.7 was faster in the FHBM than in the FDIM, by a mean of 7.1 min (P < 0.013, 95% CI; 1.6-12.5 min). There was no significant difference in the meantime to reach TOFR 0.9 between the FHBM and the FDIM (P = 0.11). In all patients, spontaneously recovery of TOFR reached 0.9 and reversal agents were not given during surgery and in the postanesthesia care unit. No patient had respiratory complications and SpO 2 < 96% in postanesthesia care unit.
Discussion
Mechanomyography at the adductor pollicis muscle is the gold standard in the evaluation of neuromuscular blockade with non-depolarizing neuromuscular relaxants. However, the equipment is bulky, takes time to set up, needs meticulous adjustment, and is not commercially available. The EMG unit is equipped with a Datex AS/3 anesthesia machine. Thus, it is simple to monitor neuromuscular blockade and remains reliable for perioperative use. However, it overestimates recovery of neuromuscular blockade at the adductor pollicis muscle, compared with mechanomyography [3] . The TOFRs of the FIDM assessed by EMG correlate highly with that of the adductor pollicis muscle assessed with mechanomyography at TOF values > 0.7 [4, 5] . Therefore, we chose the FDIM instead of the adductor pollicis muscle to evaluate the extent of neuromuscular blockade in the upper limb muscles.
Evaluation of neuromuscular blockade of the upper and lower limb muscles with acceleromyography and EMG showed variable results [6] [7] [8] [9] . Our results showed that the time for TOFR to reach 0.7 after vecuronium administration was significantly shorter in the FHMB than in the FDIM. Kern et al. [6] reported that recovery of neuromuscular blockade with mivacurium was shorter in the FHBM than in the adductor pollicis muscle up to TOFR of 0.7, as assessed by acceleromyography. Sopher et al. [7] also reported that the FHBM recovered faster than the adductor pollicis muscle after vecuronium administration up to T1 of 25%. Our results are consistent with that reported previously.
Our results showed that the time for TOFR to recover to 0.9 after vecuronium administration in the FHBM was not different from that recorded in the FDIM. These results indicate that recovery of TOFR up to 0.9 in the FHBM with EMG may be interpreted as clinically safe recovery from neuromuscular blockade.
The onset time to maximum blockade (T0) following intravenous vecuronium 0.1 mg/kg administration in the FHBM using EMG was 205 ± 44 sec under fentanyl and droperidol anesthesia, and 153 ± 23 sec under sevoflurane anesthesia [8] . Our study showed that the onset time in the FHBM was 142 ± 37 sec, which is faster than that reported previously. The main reason for the difference between the outcomes reported previously and our result may be due to the definition of onset time. We defined the onset time as time from vecuronium injection to achieving 95% blockade. A previous study defined maximum blockade following vecuronium administration as the onset time. Previous studies using acceleromyography showed that the onset time of vecuronium was shorter in the adductor pollicis muscle than in the FHBM [6, 7] . Our study showed that the mean onset time in the FDIM was 17 s faster than that in the FHBM although the difference is not statistically significant.
We conclude that since recovery of neuromuscular blockade with vecuronium can be overestimated when neuromuscular blockade is assessed in the flexor hallucis brevis muscle when the TOFR reached 0.7, administration of an antagonizing agent is recommended. However, there is no clinical importance in the difference of neuromuscular recovery between the FHBM and the FDIM when the TOFR reached 0.9 with EMG following administration of vecuronium.
